Introduction {#S1}
============

Myotonic Dystrophy type 1 (DM1), or Steinert\'s disease, is the most common muscular dystrophy in adult life, with an incidence of 1:8000 births ([@R01], [@R02]). It is an autosomal dominant disorder caused by an abnormal expansion of an unstable trinucleotide repeat in the 3-prime untranslated region of DMPK gene on chromosome 19 ([@R03], [@R04]). The phenotype is characterized by myotonia and muscle weakness, but multisystem involvement is frequent. Cardiac involvement is noticed in about 80% of cases, and it often precedes the skeletal muscle one. Paroxysmal atrial arrhythmias (atrial fibrillation, atrial flutter, atrial tachycardia) frequently occur in DM1 patients ([@R05], [@R06]), but the atrioventricular block is the first and most clinically significant cardiac disease in this group of patients ([@R07]). To prevent cardiac sudden death, implantation of a pacemaker (PM) is required in 3-22% of cases ([@R08], [@R09]). Considering the high risk of supraventricular arrhythmias in this particular class of patients, optimal atrial sensing is an important prerequisite for proper pacemaker function. During conventional right atrial appendage (RAA) stimulation, the bipolar (BP) atrial electrogram amplitudes were shown to be lower in AF and atrial flutter ([@R10]); this aspect requires higher atrial programmed sensitivity, thereby increasing the risk of sensing of ventricular depolarization in the atrial channel (FFRS). It has been shown that Bachmann\'s bundle (BB) stimulation is a safe and feasible procedure with low rate of sensing and pacing defects ([@R11], [@R12]). However, BB pacing does not provide significant benefit for the prevention of paroxysmal atrial fibrillation in DM1 population ([@R13]-[@R15]). No data are available concerning the effects of the different atrial lead placement on the far field R-wave sensing (FFRS) characteristics in DM1 patients. Aim of the present study was to investigate FFRS timing and characteristics in 34 DM1 patients undergoing dual chamber pacemaker implantation, comparing Bachmann\'s bundle stimulation (16 patients) with the conventional right atrial appendage (RAA) pacing site (18 patients).

Methods {#S2}
=======

Study population {#S2a}
----------------

The study involved 34 patients (age 51.4 years ± 8.5; 23M:11F), with a genetic established diagnosis of Myotonic Dystrophy type 1, undergoing dual chamber PM implantation from January 2007 to December 2013, in the Arrhythmologic Unit of Department of Cardio-Thoracic and Respiratory Sciences, Second University of Naples. The indications for PM implantation were: a)first-degree atrioventricular blocks with a pathological infra-Hissian conduction (16 patients); b) symptomatic second- or third-degree atrioventricular blocks, respectively in 14 and 4 patients. Before PM implantation a comprehensive cardiac examination including physical examination, 12-lead electrocardiogram (ECG), 24-h ECG Holter monitoring, echocardiogram and invasive electrophysiological study (EPS) was performed. No statistically significant differences in the electrical parameters (P wave amplitude, pacing threshold and lead impedance) were observed at implantation.

Device characteristics and programming {#S2b}
--------------------------------------

Standard techniques for implantation of a dualchamber PM system (Medtronic Kappa D901, or Adapta ADDR01, Medtronic Inc., Minneapolis, MN, USA) were used. Percutaneous subclavian vein cannulation was performed in all cases;the right ventricular lead was first positioned in the apex, under fluoroscopic guidance. All patients received the bipolar atrial screw-in pacing lead CapSureFixw 5076 (Medtronic Inc., Minneapolis, MN, USA). The electrode surface material consisted of titanium-- nitride alloy with an electrode surface area of 4.2 mm2 for the helix and of 22 mm^2^ for the ring electrode. There was 1-mg of dexamethasone in the electrode tip, which eluted after lead implantation. The distance between the two electrodes was 10 mm. The atrial pacing lead was positioned in the right atrial appendage or on the right side of the interatrial septum, in the region of Bachmann\'s bundle. All the devices were programmed in DDDR mode. The lower rate was set to 60 bpm. Rate adaptive pacing was used with a maximum rate of 130 bpm. Mode switches were programmed to occur for atrial rates \> 200 bpm, persisting for more than 8 ventricular beats. The devices used in this study were programmed to detect episodes of atrial tachycardia, and to record summary and detailed data, including atrial and ventricular electrogram.

Study protocol {#S2c}
--------------

The study population was retrospectively subdivided into 2 groups according to the location of the atrial lead: right atrial appendage (18 patients) or Bachmann\'s bundle region (16 patients). Patients with foramen ovale, atrial septal aneurysm, severe mitral stenosis, left atrial enlargement or receiving prior surgery (coronary bypass or valvular heart surgery) that involved the right atrium (RA) or taking anti-arrhythmic medications were excluded from the study. All measurements were performed with patients in the supine position. The minimum (Pmin), maximum (Pmax) and mean (Pmean) sensed P-wave amplitude were established in each patient, both in unipolar (UP) and bipolar (BP) atrial lead sensing configuration, by the automatic P-wave amplitude test. Pmean is the result of the arithmetic average between Pmax and Pmin values. The results between the two atrial stimulation sites were statistically compared. Using the same test, the FFRS after sensed R-waves was evaluated, at the highest available testing atrial sensitivity (0.1 mV), with the simultaneous recording of RA intracardiac electrogram (IEGM), marker channels and surface ECG. During the test the presence of the atrial sense marker coincident with the R-wave was monitored, and if FFRS occurred, the IEGM was frozen and displayed at the programmer screen, at a sweep speed of 100 mm/s. Then, using an electronic calliper system (with an accuracy of 3 ms) the interval between the beginning of the QRS complex on the surface ECG and the first atrial FFRS marker was measured to determine FFRS timing. Subsequently, the automatic P-wave amplitude test was repeated with the atrial sensitivity gradually decreasing step by step, until no FFRS was seen (as indicated by the absence of atrial sense marker coincident with the R-wave). The FFRS threshold (FFRS trsh) was defined as the minimal atrial sensitivity at which no FFRS occurred ([Figure 1](#F1){ref-type="fig"}). If FFRS was not present at the most sensitive setting of 0.1 mV, FFRS trsh was assumed to be 0.1 mV.

![A) At the programmed sensitivity of 0.1 mV with BP sensing configuration the FFRS after sensed and paced R-wave is present during the automatic P-wave amplitude test, as indicated by the atrial sense marker corresponding to the R-wave. B) With the atrial sensitivity setting of 1.2 mV FFRS is no longer observed during the test.](1128-2460-33-94-g001){#F1}

Statistical analysis {#S2d}
--------------------

The χ^2^-test was used to analyze differences between categorical variables. For normally distributed continuous variables, Student\'s t-test was applied. If variables did not follow normal distribution, the Mann--Whitney U-test was performed for comparisons of independent variables. Wilcoxon signed rank test was used for comparisons of related variables. STATISTICA software (version 7.1, StatSoft, Inc.) was used to calculate statistics. P \< 0.05 was set as statistically significant.

Results {#S3}
=======

Data are presented as means and standard deviations, or medians and ranges, when appropriate. [Table 1](#T1){ref-type="table"} shows the pacing and sensing parameters, at the time of FFRS measurements in the 2 study groups: Group RAA (n:18; age 54.1 ± 6 years; 12 M:6 F) with atrial lead positioned in the right atrial appendage, and Group BB (n:16; age 48.5 + 6.8 years; 11 M:5 F) with atrial lead positioned in the Bachmann\'s bundle region. There were no statistically significant differences between age and sex composition of the 2 groups and the medications intake. No differences were observed between the two atrial stimulation sites regarding the Pmin and Pmean values of sensed P-wave amplitudes, as well as between UP and BP sensing configurations. [Table 2](#T2){ref-type="table"} shows the FFRS characteristics in both right atrial stimulation sites. Significant differences were observed in terms of FFRS trsh, between the two study groups, but not in terms of FFRS timing. The FFRS trsh was lower at the BB region compared to RAA site. The mean BP FFRS trsh was significantly lower than UP configuration in both atrial locations (P \< 0.02).

###### 

Electrical measurements of the atrial lead in the two study groups.

  Sensing configuration    Parameters               RAA group                 BB group                 P-value
  ------------------------ ------------------------ ------------------------- ------------------------ ---------
  UP                       Pacing threshold (V)     0.7 + 0.2 (0.4 -- 1.5)    0.9 + 0.3(0.3 -- 1.7)    ns
  Pacing impedance (Ohm)   602 + 235 (227 --984)    676 + 288 (275 -- 1001)   ns                       
  P min (mV)               2.1 + 1.3(0.6 -- 4.6)    2.8 + 1.0 (0.5 -- 4.9)    ns                       
  P mean (mV)              3.4 + 1.3 (0.6 -- 5.1)   3.2 + 1.1 (0.8 -- 5.1)    ns                       
  BP                       Pacing threshold (V)     0.8 + 0.4 (0.3 -- 2.6)    0.6 + 0.5 (0.2 -- 3.0)   ns
  Pacing impedance (Ohm)   721 + 233 (315 --1080)   751 + 304 (301 -- 1099)   ns                       
  P min (mV)               2.3 + 1.2 (0.5 -- 4.3)   2.5 + 1.6 (0.6 -- 4.8)    ns                       
  P mean (mV)              3.3 + 1.5 (0.8 -- 4.9)   3.0 + 1.4 (0.9 -- 5.2)    ns                       

Data are presented as mean ± standard deviation and range.

Legenda: Pmin: the minimal, and Pmean: the mean amplitude of sensed P-wave; UP: unipolar; BP: bipolar; RAA: right atrial appendage; BB: Bachmann\'s bundle.

###### 

Far field R-wave sensing (FFRS) characteristics at both right atrial stimulation sites.

  Sensing configuration   Parameters           RAA group                BB group                 P-value
  ----------------------- -------------------- ------------------------ ------------------------ -----------
  UP                      FFRS trsh (mV)       0.9 ± 0.4 (0.5 -- 3.1)   0.5 ± 0.1(0.1 -- 1.3)    P \< 0.05
  R-T1 (msec)             33 ± 21 (16 -- 88)   30 ± 19 (12 -- 77)       ns                       
  BP                      FFRS trsh (mV)       0.6 ± 0.3 (0.4 -- 2.0)   0.3 ± 0.1 (0.1 -- 1.1)   P \< 0.05
  R-T1 (msec)             39 ± 18 (28 -- 76)   44 ± 22 (24 -- 85)       ns                       

Data are presented as mean ± standard deviation and range

Legenda FFRS trsh: FFRS threshold; R-T1: FFRS timing; UP: unipolar; BP: bipolar.

Discussion {#S4}
==========

Optimal atrial sensing is an important prerequisite for proper pacemaker functions. It is especially important in DM1 patients with frequent paroxysmal atrial tachyarrhythmias, in whom automatic mode switch algorithms are involved in the prevention and termination therapies for atrial fibrillation. This aspect requires a higher atrial programmed sensitivity with the risk of sensing of ventricular depolarization in the atrial channel (FFRS), that interferes with advanced diagnostic and therapeutic functions of modern dual chamber devices, including ICD ([@R16]-[@R18]). However, with the ability to program the post ventricular atrial blanking (PVAB) time in modern devices, FFRS-related consequences can be easily solved. Nevertheless, it should be emphasized that long atrial blanking periods may decrease the sensitivity of arrhythmias detection, especially atrial flutter, if every other flutter wave will not be sensed. Thus, for reliable AF detection, the programming of short PVAB time is recommended as well as a higher atrial sensitivity setting is necessary to detect low AF amplitude. In the heart conduction system, Bachmann\'s bundle is a branch of the anterior internodal tract that resides on the inner wall of the left atrium. It is a broad band of cardiac muscle that passes from the right atrium, between the superior vena cava and the ascending aorta ([@R19]). During the normal sinus rhythm, BB is the preferential path for the conduction of cardiac impulse from right to left atrium. We have previously shown ([@R11], [@R12]) that in DM1 patients undergoing dual chamber pacemaker implantation, the insertion of the atrial lead in the interatrial septum is a safe procedure, presenting a low rate of sensing and pacing defects. However, it seems not to be able to prevent the onset of paroxysmal atrial fibrillation in this population ([@R13]-[@R15]). Lewicka-Nowak et al. showed that the BB stimulation is affected by a low rate of FFRS compared to conventional RAA pacing, with a high atrial programmed sensitivity ([@R20]). These results were explained by Kirchoff\'s law, which states that the electrical potential, at any location, is inversely related to its distance from the current source ([@R21]). It has also been reported that the BP atrial sensing configuration is clearly superior in rejecting FFRS compared with the UP configuration, both in BB region and RAA site ([@R20]-[@R24]). Furthermore, it has been observed that atrial oversensing is more frequent and the amplitude of far field R-waves greater with a longer tip-to-ring spacing; reducing the inter-electrode distance, it decreases the incidence of FFRS and increases the ratio between the P-wave and FFRS amplitudes. DM1 patients are a higharrhythmic risk population ([@R09], [@R25]-[@R28]), probably related to the heterogeneity of ventricular repolarization ([@R06]), proven by the increase of QTc and JTc dispersion, as reported in congenital ([@R29]-[@R32]) or acquired ([@R33]-[@R35]) heart diseases and in other neuromuscular disorders ([@R36]-[@R40]). Considering the high risk of supraventricular arrhythmias in DM1 patients, an optimal atrial sensing is an important prerequisite for proper pacemaker functions.

At our knowledge, this is the first paper investigating the effects of the different atrial lead positioning on the FFRS characteristics in DM1 population. We observed that the atrial lead positioning in BB region significant decreases the FFRS threshold compared to RAA atrial lead placement, and that BP sensing configuration significantly improves FFRS threshold compared to UP sensing configuration, in both placements.

A possible explanation for these results is that FFRS is only related to the distance from the atrial lead placement and the point of ventricular activation, and to the inter-electrode distance; furthermore it does not depend on the degree of fibrosis, hypertrophy of the atrial myocytes and fatty acid infiltration, which are generally the histopathological cardiac pattern observed in patients with DM1. In conclusion, we report that in DM1 patients, Bachmann\'s bundle area is an optimal atrial lead position for signal sensing as the conventional RAA. Furthermore based on our experience, it offers the advantage of reducing the oversensing of R-wave on the atrial lead, thus improving the functions of standard dual chamber pacemakers in DM1 patients.

DNA samples for the genetic analysis are stored at the Naples Human Mutation Gene Biobank. NHMGB is member of the Telethon Network of Genetic Biobanks (project no. GTB12001), funded by Telethon Italy, and of the EuroBioBank network.
